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Description 

Field of the Invention 

[0001] This invention relates generally to communi- 
cation systems and more specifically to methods and 
apparatus for use with overlap-enabled communication 
systems. 

Background of the Invention 

[0002] In order to make high data rate interactive 
services such as video conferencing and internet 
access available to more residential and small business 
customers, high speed data communication paths are 
required. Although fiber optic cable is one preferred 
transmission media for such high data rate services, it is 
not readily available in existing communications net- 
works, and the expense of installing fiber optic cable is 
prohibitive. Current telephone wiring connections, 
which consist of twisted pair media, were not designed 
to support the high data rates required for interactive 
services such as video on demand or even high speed 
interconnects. In response, Asymmetrical Digital Sub- 
scriber Line (ADSL) technology has been developed to 
increase the transmission capabilities within the fixed 
bandwidth of existing twisted pair connections, allowing 
interactive services to be provided without requiring the 
installation of new fiber optic cable. 
[0003] Discrete Multi-Toned (DMT) is a multi-carrier 
technique that divides the available bandwidth of a com- 
munications channel such as a twisted pair connection 
into a number of frequency sub-channels. These sub- 
channels are also referred to as frequency bins or carri- 
ers. The DMT technique has been adopted by the ANSI 
T1 E1 .4 (ADSL) committee for use in ADSL systems. In 
ADSL, DMT is used to generate 250 separate 4.3125 
kHz sub-channels from 26 kHz to 1.1 MHz for down- 
stream transmission to the end user, and 25 sub-chan- 
nels from 26 kHz to 138 kHz for upstream transmission 
by the end user. Each bin is allocated a number of bits 
to send with each transmission. The number of bits allo- 
cated to an ADSL system are 0, and 2-15 bits. 
[0004] Prior to transmitting real-time data with an 
ADSL system, an initialization process occurs. During a 
first portion of the initialization process, an activation 
and acknowledgment step occurs. It is during this step 
that a transmit activation tone is generated following 
power-up of the ADSL system. Transceiver training is 
the next step of the initialization process. During trans- 
ceiver training, the equalization filters of the ADSL sys- 
tem are trained and system synchronization is 
achieved. Next, channel analysis and exchange are per- 
formed as part of the initialization processes. During the 
channel analysis and exchange, the Signal to Noise 
Ratio (SNR) of the channels is determined, and bit load- 
ing configuration of the bins and other configuration 
information is transferred. 



2 

[0005] Subsequent to the initialization process, 
real-time data transmission begins. During real-time 
data transmission, proposed implementations of the 
ANSI standard require that each carrier be transmitted 

5 with a nominal amount of power. The nominal amount of 
power is proposed to be a full amount of power that is 
approximately the same across all bins, as only a fine 
power gain adjustment variation occurs between carri- 
ers. However, there are disadvantages to assigning the 

w nominal amount of transmit power to each carrier. For 
example, one problem is that there is unnecessary 
power consumption associated with assigning a nomi- 
nal amount of power to a carrier that is not transmitting 
any data. This occurs when the requested data rate is 

75 less than the maximum data rate achievable on the line. 
This additional power results in additional system costs 
in terms of power consumption. Another issue of trans- 
mitting power on unused bins is that as a carrier's signal 
is attenuated over long line distances, there is a point 

20 where data cannot be transmitted with a desired cer- 
tainty. When this occurs, the bit allocation capacity of 
the bad bin is set to zero, however, under proposed 
implementations of the specification, its transmit power 
remains allocated to the now unused bin. Therefore, 

25 there is a high cost in power even when there is not a 
high data rate. Another issue with the ADSL specifica- 
tion is that crosstalk interference occurs when signals 
are being transmitted at similar frequencies on adjacent 
line. 

30 [0006] Generally, over one-half of the power con- 
sumed by atypical DMT system is consumed by the line 
drivers. In addition to the thermal issues associated with 
increased power, there is an additional problem that 
crosstalk from adjacent phone lines can increase line 

35 noise levels as much as 40 dB. Therefore, it would be 
beneficial to optimize power consumption of a DMT sys- 
tem, and reduce cross -talk between adjacent twisted 
pair wires. 

[0007] In addition, many communication systems, 
40 such as ADSL systems, have a capability of transmitting 
data over a frequency overlapped region that may be 
used by the uplink and downlink. Using the overlapped 
region in certain applications may improve perform- 
ance, such as improved capacity and loop length cover- 
45 age. However, communicating over the overlapped 
region may have certain side effects, such as cross -talk. 
Thus, there is a need for an improved method and appa- 
ratus for using an overlap-enabled communication sys- 
tem. 

50 

Brief Description of the Drawings 

[0008] Certain embodiments of the present inven- 
tion are described with reference to the following fig- 
55 ures: 

FIG. 1 , illustrates an ADSL system in block form; 



EP 1 079 578 A2 



2 



jcrvvirv ^cd 



in-70C-TQAO i ^ 



3 



EP 1 079 578 A2 



4 



FIG. 2, illustrates an SNR reference table; 

FIGs. 3-5, illustrate in flow diagram form, specific 
methods for reducing the power of a DMT 
system; 

FIG 6 is a flow chart that illustrates a particular 

method of allocating data; 

FIG. 7 is a graph that illustrates frequency 

regions; 

FIG. 8 is a flow chart that illustrates a particular 

method of allocating data; 

FIG. 9 is a flow chart that illustrates a general 

method of data allocation in an overlap- 
enabled communication system; 

FIG. 10 is a flow chart that illustrates a particular 

exemplary method of allocating data to 
different frequency regions; 

FIG. 11 is a flow chart that illustrates a particular 

method of allocating data for use by a 
sending transceiver; 

FIG. 1 2 is a flow chart that illustrates a communi- 

cation system data allocation method 
based on line length; and 

FIG. 13 is a flow chart that illustrates a second 
communication system data allocation 
method based on line length. 

Detailed Description of the Drawings 

[0009] FIG. 1 illustrates an ADSL system 10. The 
ADSL system 10 comprises a remote terminal 20, and 
a central office 30 connected by a twisted pair transmis- 
sion media. The remote terminal 20 and central office 
30 each comprise a system controller 22 and 34, 
respectively. In addition, the remote terminal 20 and 
central office 30 respectively comprise a transceiver 24 
and 32. The transceiver may include a processor unit, 
various filters, such as digital filters or analog filters, and 
a line driver in communication with a communication 
channel. The filters and line driver may be dynamically 
configured by the processing unit to allow for communi- 
cation over various selected frequency regions of the 
communication channel. The ADSL system 10 is capa- 
ble of implementing the present invention. In operation, 
the central office 30 transmits downstream data across 
the transmission media 15 to the remote terminal 20. 
The data is received at the remote terminal 20 by the 
transceiver 24, which provides the received data to the 
system controller 22 for further processing. In a likewise 
fashion, the upstream data would be transmitted from 
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the remote terminal 20, across the transmission media 
15, and received by the central office transceiver 32, 
which provides the data to the system controller 34. 
[0010] FIG. 2 illustrates an SNR reference table for 

5 use within the ADSL system 10. The SNR reference 
table indicates an SNRref value, which is the SNR 
needed for a bin to transmit a specific number of bits at 
a specific Bit Error Rate (BER). For example, according 
to the table of FIG. 2, a bin which is determined to have 

w an SNR of 30 would be able to transmit seven bits of 
data. Also, the values of SNR reference table will vary 
depending upon the type of error correction used, if any. 
For example, the use of error correction could reduce 
each SNRref value in FIG. 2 by three. This reduction 

15 would allow a bin having a SNR of 30 to transmit eight 
bits. Generally, the SNR reference table will be empiri- 
cally derived, but can also be derived based upon simu- 
lated or theoretical results. 

[0011] FIG. 3 illustrates a method for implementing 

20 the present invention. While the specific embodiment 
will address a specific DMT implementation, it is to be 
understood that the present invention applies to any 
DMT implementation. At step 311, an analysis of an 
ADSL channel is performed. In one embodiment of the 

25 present invention, the channel analysis step 31 1 would 
return a signal-to-noise ratio (SNR) for a channel in an 
initial state. Generally, the channel analysis step 31 1 of 
FIG. 3 is performed as part of the initialization process. 
However, other implementations where the steps of 

30 FIG. 3 are performed during real time operation are 
anticipated by the present invention. 
[0012] At step 312, the data capacity of each bin is 
calculated. In one embodiment, the data capacity is cal- 
culated based upon the SNR of a carrier, as determined 

35 in step 311, and the SNR reference table of FIG. 2. The 
data capacity can be determined by identifying, for a 
given SNR reference table, the maximum number of bits 
that can be transmitted. For example, according to the 
table of FIG. 2, the maximum number of bits that could 

40 be allocated to a bin having an SNR of 32 is seven bits. 
[0013] Next, at step 313, the carriers or bins are 
sorted from greatest capacity to least capacity. Next, at 
step 314, the data rate to be transmitted is allocated 
beginning with the carrier(s) with the greatest capacity 

45 and proceeding to the carrier(s) with the least capacity. 
The data capacity is allocated until the specified data 
rate is achieved. By allocated to those bins with the 
greatest data rate first, it is possible to minimize the 
number of carriers used (used carriers) to transmit data 

so at the desired data rate. At step 315, the power on the 
unused carriers is reduced in order to minimize the 
power used to transmit a specified amount of informa- 
tion. Generally, the power will be reduced by at least an 
order of magnitude of the power of a used bin. This is 

55 advantageous over the prior art which has required 
each channel to maintain a nominal amount of power 
whether it is used or unused. By reducing power to 
unused bins, an optimal amount of power dissipation is 
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possible. 

[0014] FIG. 4 illustrates a different embodiment of 
the present invention. At step 41 1 , for a set of carriers N, 
a subset carrier X is specified. The subset X will gener- 
ally represent carriers which are to be preferred or 
avoided during the bit loading allocation process. The 
subset X is then weighted. The weighting can be 
explicit, whereby a weighting value is specified by a 
user, or implicit, whereby the system would have a 
default weighting for the subset X. For example, the 
subset X could implicitly be heavily weighted. The func- 
tion of the weighting will be discussed with reference to 
step 415. 

[001 5] At step 41 2, a channel analysis is performed 
on each carrier of set N. The channel analysis of step 
412 is performed in the same manner as the channel 
analysis of step 31 1 of FIG. 3, as previously discussed. 
Next, at step 413, the bit loading capacity for each bin in 
carrier set N is calculated. This step is analogous to 
step 312 of FIG. 3. 

[001 6] At step 41 4, the carriers of set N that are not 
in set X are sorted from greatest bit loading capacity to 
least bit loading capacity to form a sorted set of carriers. 
This step is analogous in function to step 313 of FIG. 3, 
except that it is performed on a subset of the set. 
[0017] At step 419, the carriers in set X are also 
sorted from greatest bit loading capacity to least bit 
loading capacity to for another sorted set. In an alterna- 
tive embodiment, the set X need not be sorted. 
[0018] At step 415, the bins associated with carrier 
subset X are inserted or excluded from the sorted set of 
carriers. In one embodiment, where the bins of set X are 
implicitly heavily weighted, the set would be positioned 
in the sorted set before, or after, bins meeting some pre- 
defined criteria. For example, heavily weighted bins 
could be positioned before the bins with the greatest 
capacity. In another embodiment, the heavily weighted 
bins could be positioned between bins having a capac- 
ity of ten bits, and bins having a capacity of nine bits. 
Generally, a heavily weighted set is inserted with bins 
having significant bit allocation capacity. In one embod- 
iment, where 15 bits is the maximum loading for a bin, a 
heavily weighted set would generally be inserted at or 
above the 7 bit allocation level. 

[0019] In a similar manner, where the bins of set X 
are implicitly lightly weighted, they could be excluded 
from the sorted list entirely, inserted after the bins with 
the least bit loading capacity, or inserted between bins 
having a specified loading level. Generally, a lightly 
weighted set is inserted with bins having low bit alloca- 
tion capacity, in one embodiment, where 15 bits is the 
maximum loading for a bin, a heavily weighted set 
would generally be inserted at or above the 7 bit alloca- 
tion level. 

[0020] In an embodiment where a numerical 
weighting is applied the exact placement of the bins of 
set X would be placed, or excluded, based upon the 
value of the weighting. 



[0021] At step 416, the number of bits needed to 
support a specified data rate are allocated to the bins 
based upon the sorted order of the set. For example, 
assuming the set X is inserted between bins having 

5 loading capacity of 1 3 and 1 4 bits. The allocation would 
begin with a bin, not in set X, having 15 bits of loading 
capacity. Once the first bin was assigned 15 bits, 
another bin, not in set X, having 15 bits of capacity 
would be assigned 15 bits, and so on until all 15 bit bins 

to are fully assigned. Next, all 14 bit bins, not in set X 
would be filled in a similar manner. Next, the bits of set 

X would be filled prior to the loading of any 13 bit capac- 
ity bin which is not in set X. Subsequent to each bin of 
set X being filled, the filling process would continue with 

75 the 1 3 bit capacity bins. 

[0022] FIG. 5 illustrates another embodiment of the 
present invention whereby crosstalk between adjacent 
lines can be reduced. At step 501 , a subset of carriers 

XI is specified for a first line card. At step 502, the flow 
20 of FIG. 4 is applied to the subset X1 . This in effect min- 
imized the number of carriers line card 2 needs to drive 
in order to support a specific data rate. 

[0023] At step 503, a subset of substantially non- 
overlapping carriers X2 is specified for a first line card. 

25 In one embodiment, the sets X1 and X2 would be mutu- 
ally exclusive in that they would attempt to allocate the 
data capacity to bins operating at different frequencies. 
In yet another embodiment, the sets X1 and X2 would 
be chosen to buffer used bins in separate line cards 

30 from each other. For example, if set X1 specified bins 1 - 
10 as bins to be filled first, set X2 would indicate bins 
12-21 as bins to be filled first. To the extent the bit load- 
ing capacity could be allocated within the specified bins, * 
there would be an unused bin, bin 11, buffering the fre- 

35 quency range of set X1 and X2. This buffering allows for 
greater immunity to cross talk. 

[0024] Once set X2 is defined, the method of figure 
4 is applied in order to optimize power of the system. At 
step 505, data transmission occurs, allowing for optimi- 
se zation of power dissipation and limiting crosstalk among 
adjacent lines. 

[0025] FIG. 6 illustrates a method of allocating data 
in a communication system. At step 610, a remote ter- 
minal transceiver (TR2) receives a requested data rate. 

45 At step 620, TR2 receives at least one mode priority and 
region list. The data rate, mode priority, and region lists, 
for example, may be user inputs received by TFS2, may 
be received by a central office transceiver (TR1 ) and for- 
warded to TR2, or may be fixed. The region list may 

so separate the total usable bandwidth of a communication 
channel into individual frequency sub-bands called 
regions. Three exemplary regions are a POTS (Plain 
Old Telephone System) region, an overlap region, and a 
non-overlap region as shown in FIG. 7. The priority list 

55 includes relative priorities of the regions. At step 630, 
TR1 transmits training sequences over all carriers in 
multiple regions of the communication channel during a 
capacity measurement sequence so that TR2 can cal- 
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culate the capacity for each region during step 640. The 
multiple regions may include, for example, the over- 
lapped region and the non-overlapped region (e.g., an 
FDM full or FDM lite region). The POTS region may also 
be included. At step 650, TR2 allocates requested data 5 
to individual mode regions based on the priority list and 
the mode region characteristics (discussed hereinafter 
with reference to FIGs. 7, 9 and 10). At step 660, TR2 
configures itself to receive at the requested data rate 
and sends configuration information to TR1 to appropri- 10 
ately configure TR1's transmitter. 

[0026] FIG. 8 illustrates a method of allocating data 
in a communication system. At step 810, a remote ter- 
minal transceiver (TR2) receives a requested data rate. 
At step 820, TR2 receives mode priority and region lists, is 
The data rate, mode priority, and region lists, for exam- 
pie, may be user inputs received by TR2, or may be 
received by a central office transceiver (TR1) and for- 
warded to TR2, or may be fixed. At step 830, TR1 trans- 
mits training sequences in multiple regions during a 20 
capacity measurement sequence so that TR2 can cal- 
culate the capacity for each region during step 840. At 
step 850, TR2 sends the maximum capacity information 
for each region to TR1 . At step 860, TR2 receives a new 
requested data rate and a new priority list. At step 870, 25 
TR2 allocates requested data to individual mode 
regions based on the priority list and the mode region 
characteristics (discussed hereinafter with reference to 
FIGs. 7, 9 and 10). Steps 810 and 820 are optional. If 
steps 810 and 820 are used, TR1 may wait until step 30 
860 to send the first requested data rate, priority list and 
region list after TR2 sends the capacity for each region 
to TR1. 

[0027] Referring to FIG 9, a particular method of 
allocating data is illustrated. In this method, characteris- 35 
tics of a communication channel are detected, at 902. 
Exemplary characteristics include capacity, power 
detection of a channel, channel length, noise, geogra- 
phy and user input. Next, at 904, a data carrying method 
or region is selected. The method or region may be 40 
either an overlapped or non-overlapped method or 
region. Once the particular method or region has been 
selected, data is communicated over the channel using 
the selected method, at 906. By allowing different meth- 
ods or regions for carrying data, and making decisions 45 
based on channel characteristics, communication data 
to be transmitted may be allocated to particular chan- 
nels in a flexible and configurable manner. In addition, 
since the step of selecting a particular data carrying 
method or region is performed dynamically, limited com- so 
munication resources such as particular frequency bins 
within an ADSL system, may be used efficiently. 
[0028] Referring to FIG. 7, a general diagram that 
illustrates transmit power versus frequency for an over- 
lap-enabled communication system is shown. The com- 55 
munication channel is subdivided into separate modes 
or frequency regions, including a POTS region 710, an 
overlapped region 708, and a frequency division multi- 



plexed (FDM) full rate region 706. These frequency 
regions form the full spectrum for a full rate ADSL spec- 
trum 702. For a G.lite spectrum 704 implementation, 
there is a POTS region 716, an overlap region 714, and 
an FDM lite region 712. The frequency regions have 
been prioritized in a particular illustrative embodiment in 
the order P1, P2 and P3 as shown. For example, for full 
ADSL, FDM 706 is first priority for allocation, over- 
lapped region 708 has second priority, and finally where 
no other capacity is available, POTS region 710 may be 
used and has third priority. 

[0029] By dynamically selecting and configuring 
various frequency modes, data may be more efficiently 
allocated and communicated over an ADSL system. In 
addition, the priority scheme for allocating data for dif- 
ferent regions is useful for customizing training 
sequences based on user input, channel characteristics 
or other desired parameters. 

[0030] Referring to FIG. 1 0, an illustrative method of 
allocating data is shown. At decision step 1002, a 
desired transmission data rate is compared to the avail- 
able non-overlapped capacity. If the data rate exceeds 
the non-overlapped capacity, then processing continues 
to step 1 006 where the non-overlapped region is filled to 
its capacity. Next, in this scenario, the remaining desired 
capacity which is equal to the desired data rate less the 
non-overlapped capacity is determined, at 1008. The 
remainder is then allocated to an overlapped region of 
the frequency spectrum, at step 1010. However, where 
the data rate is not less than the non-overlapped capac- 
ity, then the data rate is allocated only within the non- 
overlapped region, at step 1004. With this illustrative 
method, data capacity is allocated as a first priority to 
non-overlapped regions (e.g., the FDM full or FDM lite 
regions) before being allocated to overlapped regions 
(e.g., an upstream region). In this manner, potential side 
effects from overlapped regions, such as cross talk or 
lack of echo canceling equipment, is reduced. 
[0031] Referring to FIG. 1 1 , a particular method of 
allocating data to a communication channel of a multi- 
carrier communication system is illustrated. A first trans- 
mitter TR1 receives mode priority and region list, at step 
1102. The priority and region list may either be fixed, 
may be determined from another transceiver via a mes- 
sage, or may be determined by a user and in this case 
would be user selectable. An example of a mode priority 
and region list would include a non-overlapped region, 
an analog POTS region and an overlapped region. An 
example priority scheme may have the non-overlapped 
region having priority over the overlapped region, and 
both non-overlapped and overlapped having priority of 
using the analog POTS region. Next, TR1 identifies 
channel characteristics of a communication channel, 
such as the channels line length, noise, geography or 
other user input, at 1 104. The particular channel char- 
acteristics may either be measured, predetermined or 
received from another transceiver or user. The first 
transmitter TR1 then configures a training sequence for 
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the channel based on the channel characteristics and 
based on the mode priority list, at 1 106. A more specific 
method for performing the training sequence is illus- 
trated in FIG. 12. Finally, the training sequence is trans- 
mitted by TR1 over the channel, at 1 1 08. A benefit of the 5 
illustrated method of allocating data in the manner 
shown in FIG. 1 1 , is the flexibility in adapting to priorities 
and channel characteristics. For example, by varying 
the training sequence due to geography, a system which 
is sold into two different markets, such as the United 70 
States and Europe, may conform with two different 
industry requirements by making a selection of training 
sequence as a function of geography. Alternatively, 
where training sequence is based on line length, differ- 
ent methods of training and transmitting data may be 75 
used as a function of the particular length of line 
between the carrier equipment and the end user. 
[0032] Referring to FIG. 12, a particular method of 
using channel length, such as line length, to effect con- 
figuration of a training sequence is shown. Initially, a 20 
channel length for a communication channel is deter- 
mined at 1202. One method of determining the line 
length is to measure received power from a far end 
transceiver and compare the received power level with a 
predetermined power to line-length table. Additionally, 25 
noise can be factored out by averaging received data. 
The line length may also be received from an external 
source. The line length is compared to a threshold, at 
decision step 1204. The threshold may be either user 
input, predetermined or otherwise empirically deter- 30 
mined. If the line length exceeds the threshold, then the 
training sequence is configured using overlapped 
regions of the frequency spectrum. However, where the 
line length does not exceed the threshold, then the 
training sequence is configured without use of the over- 35 
lapped region, at 1206. With this method, the line length 
is used as a decision variable to determine when over- 
lapped regions need to be used when configuring train- 
ing sequences for subsequent data allocation and 
communication. 40 
[0033] Referring to FIG. 13, an alternative method 
of allocating data as a function of line length is shown. 
The line length is determined, at 1302. The line length is 
compared to a threshold, at 1304. Where the line length 
exceeds the threshold, the training sequence is config- 45 
ured without use of a high frequency region, at 1308. 
Where the line length does not exceed the threshold, 
the training sequence is configured to use the high fre- 
quency region, at 1306. For communication channels 
with a long line length, it has been determined that the 50 
high frequency regions are not as helpful in gaining 
additional capacity, and by configuring a training 
sequence without using such high frequency regions, 
the overall up link and down link system may be 
improved. 55 
[0034] The foregoing specification has identified a 
preferred method for improving performance of an 
ADSL system. The invention has been described with 
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reference to specific embodiments. However, one of 
ordinary skill in the art will appreciate that various mod- 
ifications and changes can be made to the present 
invention without departing from the scope of the 
present invention as set forth in the claims below. For 
example, the specific embodiment has been discussed 
in terms of using the SNRref table .of FIG. 2 to deter- 
mine the loading of a bin. One skilled in the art would 
appreciate that other methods of determining bin load- 
ing are capable of being used. As another example, 
while the disclosure refers to ADSL, the methods, 
embodiments, and systems illustrated herein may be 
applicable to other multi -carrier systems, including 
many other types of digital subscriber line systems. 
Accordingly, the present invention is to be construed in 
accordance with the broadest permissible interpretation 
of the claims set forth below and their equivalents, 
rather than any of the specific illustrative embodiments 
described above. 

Claims 

1. A method comprising: 

initiating detection of a characteristic of a com- 
munication channel; 

using the characteristic of the communication 
channel within a processing unit to configure 
data transmission along the communication 
channel in one of a first mode wherein 
upstream data transmission and downstream 
data transmission are sent in substantially non- 
overlapping frequency domains, and a second 
mode wherein upstream data transmission and 
downstream data transmission are sent in sub- 
stantially overlapping frequency domains. 

2. The method of claim 1 wherein the characteristic is 
one of a data capacity of the communication chan- 
nel, a noise level of the communication channel, a 
geographic location of circuits connected to the 
communication channel, a user defined input, a 
physical length of the communication channel, and 
an amount of power received across the communi- 
cation channel. 

3. A method for allocating data for transmission along 
a communication channel, the method comprising: 

setting a desired communication rate for the 
communication channel; 
allocating at least a first portion of the data to a 
non-overlapped frequency spectrum for trans- 
mission over the communication channel; and 
allocating at least a second portion of the data 
to an overlapped frequency spectrum of the 
communication channel when the non-over- 
lapped frequency spectrum cannot accommo- 
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6. 



date the desired communication rate. 

A method for transmitting data over a communica- 
tion line, the method comprising the steps of: 

configuring the communication line for trans- 
mission in a frequency division multiplex man- 
ner wherein upstream data transmission and 
downstream data transmission are sent in sub- 
stantially non-overlapping frequency domains; 
communicating data for the transmission in the 
frequency division multiplex manner; 
detecting changing line conditions; 
reconfiguring the communication line for trans- 
mission in an echo cancellation manner 
wherein upstream data transmission and 
downstream data transmission are sent in 
overlapping frequency domains; and 
continuing to communicate data for the trans- 
mission in the echo cancellation manner. 

A method of configuring a communication channel, 
the method comprising: 

comparing a tine length of the communication 
channel to a threshold; and 
determining whether to transmit data over a 
frequency overlapped region of the communi- 
cation channel based on the comparison. 

A method of configuring a communication channel 
of a multi-carrier overlap-enabled digital communi- 
cation system, the method comprising: 

determining a capacity for a plurality of different 
frequency regions of the communication chan- 
nel; 

transmitting the capacity for each of the plural- 
ity of different frequency regions over the com- 
munication channel; and 

communicating data over the communication 
channel. 



receiving capacity information for a plurality of 
different frequency regions of the communica- 
tion channel; and 

determining a data rate request, the data rate 
5 request determined as a function of the 

received capacity information. 

9. An apparatus comprising: 

10 a processing unit, the processing unit deter- 

mining a channel characteristic of a communi- 
cation channel; 

a filter responsive to the processing unit; and 
a line driver in communication with a communi- 

15 cation channel; 

wherein the filter and the line driver are dynam- 
ically configured by the processing unit to com- 
municate over a particular set of frequency 
regions of the communication channel in 

20 response to the channel characteristic deter- 

mined by the processing unit. 

10. A computer readable device, the device compris- 
ing: 

25 

at least one computer executable routine to: 

allocate data for transmission along a com- 
munication channel; 

30 set a desired communication rate for the 

communication channel; 
allocate at least a first portion of the data to 
a non-overlapped frequency spectrum for 
transmission over the communication 

35 channel; and 

allocate at least a second portion of the 
data to an overlapped frequency spectrum 
of the communication channel when the 
non-overlapped frequency spectrum can- 

40 not accommodate the desired communica- 

tion rate. 



A method of configuring a communication channel 
of a multi-carrier overlap-enabled digital communi- 
cation system, the method comprising: 

receiving capacity information for a plurality of 
different frequency regions of the communica- 
tion channel; 

communicating a data rate request over the 
communication channel, the data rate request 
determined as a function of the received 
capacity information. 

A method of configuring a communication channel 
of a multi-carrier overlap-enabled digital communi- 
cation system, the method comprising: 
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